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(57) Abstract: An electrophoretic 
display comprises a plurality of pixels 
(18) with an electrophoretic niaterial (8, 

9) which comprises chaiged particles. A 
first electrode (6) and second electrode 
(5, 5') associated with each one of the 
pixels (18) presents a drive voltage 
waveform (VD) across each one of 
the pixels (18), The charged particles 

A are able to occupy^, between the first 

electrode (6) and the second electrode 
(5), twQ limit positions and intennediate 
positions between the two limit positions 
which are defined by the drive voltage 
(VD). An addressing circuit (16, 

10) generates the drive voltage waveform 
(VD) by successively applying between 
the first electrode (6) and the second 

D electrode (5) during an image update 

^ period (lUP): (i) a reset pulse (RE) 

enabling said particles to substantially 
occupy one of the extreme positions, 
and (ii) a drive pulse (Vdr) having a level 
in accordance with an optical state to 
be reached by the associated one of the 
pixels (18). The addressing circuit (16, 10) further generates a first shaking pulse (SPl) comprising at least one preset pulse having 
an energy sufficient to release particles present in one of the extreme positions, but insufficient to enable said particles to reach 
the other one of the extreme positions. The first shaking pulse (SPl) occurs during a same first shaking time period (TSl) during 
each image update periods (lUP), independent on the optical state a pixel (18) should reach. The first shaking time period (TSl) 
precedes the reset pulse (RE) or occurs in-between the reset pulse (RE) and the drive pulse (Vdr). 
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An electiophoretic display and a method of driving an electrophoredc display 



The invention relates to an electrophoretic display, a display apparatus 
comprising such an electrophoretic display, and a method of driving an electrophoretic 
display. 



A display device of the type maitioned in the opening paragr^h is known 
fixjm inteniational patent ^Hcation WO 99/53373. This patent ^pUcation d^^ 
electronic ink display which comprises two substrates, one of which is transparent, the other 
substrate is provided with electrodes arranged m rows and columns. Display elements or 
10 pixels are associated with mtersections of the i»w4idcolunmelec^^ 

element is coupled to the column electrode via a main electrode of athm-fihn transistor 
(furflier referred to as TFT). A gate of the TFT is coupled to the row electrode. This 
arrangement of display elements, TFT's aad row and column electrodes jointly forms an 
active matrix display device. 

^^li pixel comprises a pixel electrode which is the electrode of the pixel 
which is connected via the TFT to the column electrodes. During an image i^jdate period or 
image refresh period, a row driver is controlled to select all the rows of display elements one 
by one, and the column driver is controlled to supply dat^ signals in parallel to the selected 
row of display elements via the column electrodes and the TFT's. The data si^ials 
20 correspond to image data to be displayed, 

Furthermore, an electronic ink is provided between the pixel electrode and a 
conunon electrode provided on the transparent substrate. The electronic ink is feus 
sandwiched between the common electrode and flie pixel electrodes. The electronic ink 

comprises multq)le microcapsules of about 10 to 50 microns. Each microcapsule comprises 
positively charged white particles and negatively charged black particles suspended in a 
fluid. When a positive voltage is appUed to the pixel electrode with reject to the common 
electrode, the white particles move to the side of fee microc^sule directed to fee transparait 
substrate, and fee display element appears white to a viewer. Simultaneously, the blade 
particles move to fee pixel electrode at fee opposite side of the microcapsule where feey are 
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hiddoi from the viewer. By applying a negative voltage to the pixel electrode with respect to 
the common electrode, the black particles move to the common electrode at the side of the 
microcapsule directed to the transparent substrate, and the display element shears dark to a 
viewer. When the electric field is removed, the display device remains m the acquired state 

5 and exMbits a bi-stable character. TMs electromc ink di^lay with 
particles is particularly useful as an electronic book. 

Grey scales can be created in the display device by controlling the amount of 
particles that move to the coirimon electrode at the top of the microcapsules. For example, the 
energy of the positive or negative electric field, defined as ftte product of field strength and 

10 time of application, controls the amount of particles which move to the top of the 
noicrocapsules. 

The known display device has the drawback that tiie ^pearance of a pixel 
dq)ends on the history of the voltages supplied across the pixel. 

From the ndn-pre-published pat^tit appUcations in accordance to applicants 

15 docMreferredto as PHNL020441 and PHNL030091 which 

patent applications 02077017.8 and 03100133,2 it is known to nainiinize the image retention 
by using pre-pulses also referred to as shakmg pulse. Preferably, the shakmg pulse comprise 
a series of AC-pulses, however, the shaking pulse may comprise a singfe pulse only. The pre- 
published patent applications are directed to the use of shaking pulses, either directiy before 

20 the drive pulses, or directly before the reset pulse. PHNL030091 further discloses that the 

picture quality can be improved by extending the duration of the reset pulse which is applied 
before the drive pulse. The reset pulse has an energy suffident to bring the pixel m^ 
two limit optical states. The duration of the reset pulse inay depend on the required transition 
of the optical state. 

25 Forexample, if black and wlute particles are used, the twolM 

are black and white. In the Hndt state black, the black particles are at a position near to the 
transparent substrate, in the limit state white, the white particles are at a position near to the 
transparent substrate. 

The drive pulse has an energy to change the optical state of the pixel to a 

30 desired level in-between the two limit optical states. Also the duration of the drive pulse may 
depend on the required transition of the optical state. 

The non-prepublished patent application PHNL030091 discloses m an 
embodiment that the flaking pulse precedes the reset pulse. The each level of the shaking 
pulse has a duration sufficient to release particles present in one of tiie extreme positions, but 
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insufficiCTLt to enable said particles to reach the other one oiF the extreme positions. The 
shaking pulse increases the mobility of the particles such that the reset pulse has an 
immediate effect If the shakrug pidse comprises more than one preset pulse, each preset 
pulse has the duration of a level of the shaking pulse. For example, if the shaking pulse has 
successively a high level, a low level and a high level, this shaking pulse comprises three 
preset pulses. If the shaking pulse has a single level, only one preset puke is present 

The complete voltage waveform which has to be presented to a pixel during an 
image update period is referred to ais the drive voltage waveform. The drive voltage 
waveform usnially differs for different optical transitions of tiie pixels. 



The driving of the electrophoretic display in accordance with the present 
invention differs jfrom the driving disclosed in the non-prepublished patent application in 
that, in each drive voltage waveform, the shddng pulse occurs during a same shaking period 
15 for all pixels. This is realized even^fliDu^ the reset pulse and/or the drive pulse may have a 
duration which depends (for example, Knearly) on a difference between optical states of the 
pixel before and after an image update period. As discussed earlier, the shaking pulse may 
comprise a single preset pulse or a series of preset pulses. 

A first aspect of the invention provides an electrophoretic display as claimed 
20 in claim 1 . A second aspwt of the invention provides a display apparatus as claimed in claim 
1 1. A third aspect of the invention provides a method of driving an electrophoretic display as 
claimed in claim 12. Advantageous embodiments of the mvention^^^ 
dependent claims. 

la accordance with the first aspect of the invention, the shaking pulse which 
25 precedes the reset piilse or which occurs in-between the reset pulse and flie drive pulse is . 
always present during flie same period of tune. The same data is si^ 
flie display during the complete duration of each firame period of the drive voltage waveform 
during the shaking pulse. Thus, whm the fines of pixels (usually the rows) are selected one 
by one during these firames, the data voltages at the data electrodes (usuafly 
30 electrodes) do not change. The capacitances associated with the columns need not be charged 
and the pow^ efficiency will increase significantly. In many cases, each column will be 
supplied with identical data during one firame; however this is not a necessary condition for 
the power efficiency to increase. Specifically, when shaking pulses are being applied, it will 
also be possible for example for adjacent columns to operate at opposite polarities for the 
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entire frame period. This may fbrfher reduce the visibility of the shaking pulses by virtue of 
the column inversion technique, whilst the powCT will not increase as still each column does 
not change its voltage for the entire frame period. 

Altematively, as during these frame periods the same shaking levels have to be 

5 supplied to all the pixels, it is possible to select all the lines of pixels simultaneously. 

However, now a large charge current is required to charge all the pixels at the same time. If 
the pixels are selected during the complete frame time, it would be possible to limit the 
charge current If all the pixels are selected at the same time, the duration of the level(s) of 
the shaking pulse may be shorter ttian the frame period, thus shortening the image update 

10 period. For example, a single line select period may suffice, however this would give rise to 
the high capacitive currmts into the pixels c£5)acitances, and the power consumption due to 
electrode capacitances wiU not comparatively decrease. The peak power consumption AviU 

increase. — - 

In an embodiment in accordance with the invention as 

15 duration of the reset pulse depends for each pixel on the optical transiion*tp be made. 

A too long reset pulse has the drawbapk that the particles wiU be pressed 

together too much in one of the extreme positions, which makes it difficult to move them 

away from this extreme position. Thus, it is an advantage when the reset pulse varies with the 

optical state transitions of the pixels. For example, if black and white particles are used, two 
20 mtermediate optical states may be defined: dark grey and Ught grey. The optical state 

transitions are: black to dark grey, black to ligjht grey, black to white, white to Ught grey, 

wMte to dark grey, wHte to black, dark grey to black, da^ 

wWte, light grey to black, Ught grey to dark grey, Ught grey to wH^^ 

By way of example, if the shaking pulse were to immediately precede the reset 
25 pulse, and file drive pulses start aU at thesame instant the time of occurrence of the shaking 

ptilse wiU depend on the duration of the reset puke and thus 

have dififerent transitions of their optical stetes. Thus, during a particular firame period some 
pixels must receive a shakmg pulse while other pixels should not receive a shaking pulse. To 
be able to only supply the shaking pulse to the pixels which should receive it, each level of 
30 the shaidng pulse has to be available dming a complete frame period during which all the 
rows of pixels have to be selected one by one. hi the present invention, the shaking pulse 
occurs during the same period 'in time for all pixels. Now, still the rows of pixels are selected 
one by one during each frame period. But, because the data at the colimm electrodes is stable 
during fh^ complete firame period, title power consunoption will be considerably less. 
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Alternatively, it is possible to select; during the shaking pulse, all the pixels in a single line 
period and to supply the same drive voltage to all the pixels, although tihe duration of the 
reset pulse is different for pixels wMch have different optical transit^^ 

If the reset pulse has a duration less than its maximum duration, due to the 
5 shaking pulse which always occurs during the same shaking period, a not yet used time 
period exists between ttie shaking pulse and the reset pulse, or between the reset pulse and 
the drive pulse, or both. If this not yet iised time period (the dwell time) becomes too large a 
disturbance of the desired optical state of the pixel may occur. 

In an embodiment in accordance with the invention as claimed in claini 3, both 

10 first and second shaking pulses are generated. The first shaking pulse is present during the 
same first shaking period which precedes flie reset period in which the resetpulse is ^lied. 
The second shaking pulse is present during the same second shaking period which precedes 
the drive period during which the drive pulse is applied. This second shaking pulse further 
improves the reproduction quality of the picture to be displayed. 

15 ^^ Ib: an embodiment in accordanc 

over-reset is used wherein the duration of the reset pulse is somewhat longer than required to 
better move the particles to the extreme positions. It is possible to select firom a limited 
number of possible durations of the reset pulse. However, preferably, a sufficient number of 
dxnations of the reset pulses is available to obtain a comparable over-reset effect for different 

20 optical transitions. 

In an embodiment in accordance witii the invention as claimed in claim 5, the 
duration of the reset pulses is proportional to the distance required for tihe particles to move. 
As now no over-reset but a proportional reset is applied, the particles can easily be moved 
after the reset pulse as they are not p£u:ked together more than required. 

25 . In an embodiment in accordance with the invention as claimed in clamis 6 and 

7, an extra shaking pulse is introduced in the not yet used time period which exists between 
the shakixig pulse and llie reset pulse, or between &e reset pulse 

respectively. The extra shaking pulse may comprise a single pulse or a pliurality of pulses. 

In an embodiment in accord^uice with the mvention a^ 
30 pulses of the extra shaking pulse have an energy content which is lower than the energy 
content of the first and second shaking pulses because the effect of dwell-time is small and 
the optical disturbance caused by the extra shaking pulses should be small. 

These and other aspects of the invention are apparent firom and will be 
elucidated with reference to the embodiments described hereinafter. 
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In the drawings: 

Fig. 1 shows diagranimatically a cross-section of a portion of an 

5 electrophoretic display, 

Fig^ 2 shows diagrammaticaUy a picture display apparatus with an equivalent 
circuit diagram of a portion of the electrophoretic display. 

Fig- 3 shows voltages across a pixel in different situations wherein over-reset 
and vadous sets of shaking pulses are used, 
10 Fig. 4 show:s voltages across a pixel if the shaking periods occur di^ 

sarne time periods and no ovec-reset is used. 

Fig, 5 shows voltage across a pixel whereui a further shaking pulse is present 
preceding the reset pulse if thp reset pulse does not occur during the complete reset period. 

Fig. 6 shows voltages across a pixel wherdn further ^biaking pulses are present 
15 traihng the reset pulses if the reset pulses do not occur during the complete reset*]^eriods, and 
Fig. 7 shows signals occurring during a firame period. 

Fig. 1 shows diagrammaticaUy a cross-section of a portion of an 
20 electrophoretic display, for example of the size of a few display elements, comprising a base 
substrate 2, an electrophdretic film with an electromc ^ 

tr^parent substrates 3 and 4 which, for example, are of polyethylene. One of the substrates 
3 is provided with transparrat pixel electrodes 5, 5' and the other substrate 4 with a 
transparent counter electrode 6. The electronic ink comprises multiple microcapsules 7 of 
25 about 10 to 50 microns. Each microcapsule 7 comprises positively charged white particles 8 
and negatively charged black particles 9 su^ended in a fluid 40, The dashed material 41 is a 
polymer binder. The layer 3 is not necessary, or could be a glue layer. When the pixel voltage 
VD across the pixel 18 (see Fig. 2) is supplied as a positive dri 

example. Fig. 3 to the pixel electrodes 5, 5' with respect to the counter electrode 6, an electric 
30 field is generated which moves the white particles 8 to the side of the microc^sule 7 directed 
to the counter electrode 6 and the display element will appear white to a viewer. 
Simultaneously, the black particles 9 move to the opposite side of the microcapsule 7 where 
they are hidden from the viewer. By applying a negative drive voltage Vdr between the pixel 
electrodes 5, 5' and the counter electrode 6, the black particles 9 move to flie side of the 
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microcapsule 7 directed to tbe counter electrode 6, and the display element will appear dark 
to a viewer (not shown). When the electric field is removed, the particles 8, 9 remain in the 
acquired state and the display exhibits a bi-stable charactCT and consumes substantially no 
power. Electrophoretic media are known per se from e.g. US 5,961,804, US 6,1 120,839 and 

5 US 6,130,774 and may be obtained from E-ink Corporation. 

Fig. 2 shows diagrammatically a picture display apparatus with an equivalent 
circuit diagram of a portion of the electrophoretic display. The picture display device 1 
comprises an electrophoretic film laminated oh tiie base substrate 2 provided with active 
switching elements 19, a row driver 16 and a colmnn driver 10. Preferably, the counter 

10 electrode 6 is provided on the film comprising the encapsulated electrophoretic ink, but, the 
counter electrode 6 could be alternatively provided on a base substrate if a display operates 
based on using in-^plane electric fields. Usually, the active switching elem^its 19 are thin- 
film transistors TFT. The display device 1 comprises a matrix of display elements associated 
with intersections of row or selection electrodes 17 and colunm or data electrodes 1 1 . The 

15 row driver 16 consecutively selects the row electrodes 17, whild tb^colimm driver 10 

provides data signals in parallel to the column electrodes 1 1 for the selected row electrode 17. 
Preferably, a processor 15 firstly processes incoming data 13 into the data signals to be 
supplied by the column electrodes 11. 

The drive lines 12 carry signals which control the mutual syacbronisation 

20 between the column driver 1 0 and the row driver 16. 

The row driver 16 supplies an appropriate select pulse to the gatK of the 
TFT^s 19 which are coimected to the particular row electrode 17 to obtain a low impedance 
main current path of the associated TETT's 19. The gates of the TFT's 19 which are coimected 
to the other row electrodes 17 receive voltage such that their main current paths have a high 

25 impedance. The low impedance between the source electrodes 21 and the^^drsun electrodes of 
the TFT's allows the data voltages present at the column electrodes 1 1 to be supplied to the 
drain electrodes which are connected to the pixel electrodes 22 of the pixels 18. £a this 
manner, a data signal present at the column electrode 11 is transferred to the pixel electrode 
22 of the pixel or display element 18 coupled to the drain electrode of the TFT if the TFT is 

30 selected by an appropriate level on its gate. In the embodiment shown, the display device of 
Fig. 1 also comprises an additional capacitor 23 at the location of each display element 18. 
This additional capacitor 23 is connected between the pixel electrode 22 and one or more 
storage capacitor lines 24. Instead of TFTs, other switching elements can be used, such as 
diodes, MIMs, etc. 
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Fig. 3 shows voltages across a pixel in diflferent situations wherein over-reset 
is used. By way of example. Figs. 3 are based on an electrophoretic display with black and 
white particles and four optical states: black B, dark grey Gl, light grey G2, white W. Fig. 
3A shows an image update period lUP for a transition from light grey G2 or white W to dark 

5 grey Gl . Fig^ 3B shows an image update period lUP for a transition from dark grey Gl or 
black B to dark grey Gl. The vertical dotted lines represent the frame periods (which usually 
last 20 milliseconds), the line p^ods occurring within the frame periods are not shoAvn. 

In both Fig. 3 A and Fig. 3B, Ihe pixel voltage VD across a pixel 18 comprises 
successively first shakmg pulses SPl, SP1% a reset pulse RE, RE% second shaking pulses 

10 SP2, SP2' and a drive pulse Vdr. The driving pulses Vdr occur during the same drive period 
TD wMch lasts from instant t7 to instant t8. The seco^^ 

immediately precede the driving pulses Vdr and thus occur during a same second shaking 
. period IS2. The reset pulse RE, RE' immediately prece 

SP2\ However, due to the different duration TR1,TR1' of the reset pulses REj RE', 
15 respectively, the starting instants tS ahd tS of the reset pulses RE, RE' are diff^ The first 
shaking pulses SPl, SPl ' which nmnediately precede the reset pulses RE, RE', respectively, 
thus occur during different first shaking periods in time TS 1 , TSl 'j respectively. . 

In the embodiment in accordance with the invention, the second shaking 
pulses SP2, SP2' occur for every pixel 18 during a same second shaking period TS2. This 
20 will cause a lowerpower consumption if the usual row at a time select addressing is appUed. 
But, alternatively this enables to select the duration of this second sh a k in g period TS2 much 
shorter as shown in Figs. 3 A and 3B. For clarity, each one of levels of the second shaking 
pidses SP2, SP2* is present during a frame period TF. In fact, in accordance with the 
invention, now, during the second shaking period TS2, the same voltage levels can be 
25 suH)lied to all the pixels 18 . Thus, instead of selecting the pixels 18 line by line, it is now 

possible to select all thepixels 18 at once, and only a single line select period TL (see Fig. 7) 
suffices per level. Thus, in the embodiment in accordance with the invention shown in Figs. 
3 A and 3B, the second shaking period TS2 only needs to last four line periods TL instead of 
four standard frame periods TF. 
30 Alternatively, it is also possible to change the timing of the drive signals such 

that the first shaking pulses SPl and SP 1 ' are aligned in time, the second shaking pulses SP2 
are then no longer aligned in time (not shown). Now, either the power consumption decreases 
because of the aligned first shaking pulses SPl and SP1% or the first shaking period TSl can 
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be much shorter. The power efficieacy increases maximally if both the first shaking pulses 
SPl and SPr and the second shaking pulses SP2 are aligned in time. 

The driving pulses Vdr are shown to have a constant duration, however, the 
drive pulses Vdr may have a variable duration. 
5 If the drive method shown in Figs. 3 A and 3B is applied to the electrophoretic 

display, outside the second shaking period TS2, the pixels 18 have to be selected line by line 
by activating the switches 19 line by Une. The voltages VD across the pixels 18 of the 
selected line are supplied via the column electrodes 1 1 ia accordance with the optical state 
the pixel 1 8 should have. For example, for a pixel 18 in a selected row of which pixel the 

10 optical state has to change from white W to dark grey Gl, a positive voltage 

supplied at the associated column, electrode 1 1 during the frame period TF starting at instant 
to. For a pixel 1 8 in the selected row of which pixel the optical state has to change fiom black 
B to dark grey Gl, a z&o voltage has to be supplied at tibie associatedixilumn electrode 
during the frame period TF lasting £rom inisto 

15 ^ Fig/SC'shows a waveform which is based on the wavefoim-sliown in Fig. 3B. 

This waveform of Fig. 3C causes the same optical transition. The difference is that the first 
shaking pulses SPl ' of Fig, 3B are riow shifted in time to coincide with the shaking pulses 
SPl of Fig. 3A: The shifted shaking pulses SPl' are indicated by SPl'". Thus, now, 
independent on the duration of the reset pulse RE, also all the shaldng pulses SPl^ SPl" 

20 occur during the same shaking period TSl. This has the advantage that ind^endent of the 
optical transitioi]^ the same shakmg pulses SPl, SPl" and SP2, SP2* can be supplied to all 
columns during the associated frame periods. The energy efficiency will iacrease maximally. 
Or, altematively, both during the first shaking period TSl and the second shakmg period TS2 
it is not required to select flie pixels 18 line by line. Whilst in Fig. 3C the shaking pulses 
-25 SPr* and SP2'. have a predetemiined Mgh or low level dui^ 

possible to use shaking pulses SPl'' and SP2' lasting one or more line peciods 11/ (seeFig. 
7). In this manner, the image iq>date time may be ma:dmally shortened Furdier, due to the 
selection of all lines at the same time and providing a same voltage to all colunms, during the 
shaking periods TSl and TS2, the capacitances between neighboring pixels and electrodes 

30 will have no effect. This will minimize capacitive currents and thus dissipation. Even ftirfher, 
the common shakmg pulses SPl, SPl" and SP2, SP2' enable implementing shaking by using 
structured counter electrodes 6. 

A disadvantage of this approach is that a small dwell time is introduced 
(between the first shaking pulse period TSl and the reset period TRl'). Dependent on the 
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electcophoretic display used, this dwell time should not become longer than, for example, 0.5 
seconds. 

Fig. 3D shows a waveform wMch is based on the waveform shown in Fig, 3C. 
To this waveform third shakLug pulses SP3 are added which occur during a third shakmg 
5 period TS3. The third shaking period TS3 occurs between the first shaking pulses SPl and 
the reset pulse RE', if this reset pulse RE' does not have it maximum length. The third 
shaking pulses SP3 may have a lower energy content than the first shakrug pulses SP 1 to 
minimize the visibility of the shakhig. It is also possible that the third shaking pulses SP3 are 
a continuation of the first shaking pulses SPl. Preferably, the third shaking pulses SP3 fill up 
10 the complete period in time available between the first shaldng period TSl ' and the reset 
period TRl* to minimize the iinage retention and to racrease the grey scale accuracy. With 
respect to the embodiment in accordance with the invCTtion shown in Fig. 3C, the image 
retention is fiirthear reduced and the dweU tune is massively 

Altonatively, it is possible that the reset pulse RB' occurs immediately after 
15 the first shaking pulses SPl and the third shaking pulses occur betweeh tibfe reset pulse RE' 
atfd the second shaldng pulses SP2'. 

In many cases, during the period of shakmg pulses, each^ 
supplied with identical data during one firame, however this is not a necessiary condition for 
the power efficiency to increase. Specifically, whCTt shaking pulsess are being appUed, it will 
20 also be possible for example for adjacent columns to operate at opposite polarities for the 
entire firame period. This may fiuihw reduce the visibility of thp shaldng pulses by virtue of 
the column inversion technique, whilst the powCT will not increase as still each coluinn does 
not change its voltage jfor the entire firame period. 

The embodiments in accordance with the invention shown in iPigs. 3 are based 
25 on an over^reset The iniage retention can be finiherimpro 

which have a lengAi which is proportional to the distance the particles 8, 9 have to move 
between the pixel electrode 5, 5' and the counter electrode 6. EmbodimCTts in accordance 
with the invention wMch are based on such proportional reset pu^ 
■V* 6. 

30 Fig. 4 shows voltages across a pixel if the shaking periods owur during the 

same time periods and no over-reset is used Figs. 4 shows drive waveforms for all optical 
transitions to dark grey Gl. 

Fig. 4A shows a waveform required to change the optical state of the pixel 18 
fi»m white W to dark grey Gl. Fig. 4B shows a waveform required to change the optical 
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State of the pixel 18 from light grey G2 to dark grey Gl. Fig. 4C shows a waveform required 
to keep the optical state of the pixel 18 dark grey Gl. Fig. 4D shows a waveform reqiiked to 
change the optical state of the pixel 18 from black B to dark grey Gl. For other transitions 
similar drive waveforms are required. For example, for the transition from white W to black 
5 B, portions of the waveferm of Fig. 4A can be used, but with Vdr = OV. 

In all Figs. 4, the first shaking pulses SPl occur during the same first shaking 
period TSl, the second shaking pulses SP2 occur during the same second shakmg period 
TS2, and the driving pulse Vdr occurs during the same drive period TD. The driving pulses 
Vdr may have different durations. The reset pulse RE has a length which depends on the 

10 optical transition of the pixpl 18. For example, in a pulse width modulated driving, the ftdl 
reset pulse width TR is required for resetting the pixels 18 from white W to black B or W to 
dark ^y Gl , see Fig. 4 A. For resetting the pixels 1 8 &Qm light grey G2 to black B or G2 to 
daikgreyGl, only 2/3 of the duration of this fiiU reset pulse width TR is required, see Fig. 
4B. For resetting the pixels 18 from dark grey Gl to black B or Gl to dark grey, oaoly 1/3 of 

15 the duration of this fidl reset pulse width TR is required, see Fig. 4C. For resetting the pixels 
18 from black B to dark grey Gl» no rie^et pulse is reqm^ 

These wavef(Hms aie also usefrd when the known tr^ 
driving methods are used in which previous images are considered in determining the 
impulses (time x voltage) for a next image. Alternatively, these waveforms are also usefixl 

20 when the electrophoretic material used in the display is less sensitive to tiie image history 
and/or dwell time. 

Thiis, independent on the duration of the reset pulse RE, the first shaking 
pulses SPl and the second shaking pulses SP2 can be supplied to all the pixels 18 
simultaneously, which has the advantages mentioned before. 

25 Fig. S shows voltages across a pixel wherein furtho: shaking pulses aie present 

preceding tiie reset pulse if tiie reset pulse does not occur during the complete reset period. 
Fig. 5A is identical to Fig. 4A, and Figs. 5B to SD are based on Figs. 4B to 4D, respectively. 
Ja Figs. 5B td 5D, third reset pulses SP3 are added during the period of time TS3a, TS3b, 
TSSc, respectively, which occurs in-between the first shaking pulses SPl and tiie reset pulse 

30 RB. These additional third reset pulses SP3 may differ firom the first and second shaking 
pulses SPl and SP2 in teems of pulse Imgth and/or pulse hei^t depmding on the required 
image quality. Generally, the energy in these additional shaking pulses SP3 may be lower 
than the energy in the first shaking pulses SP 1 because the dwell time effect is small and the 
optical disturbance should be minimized. The amount of shaking in the different sequences is 
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preferably proportional to tiie time space available between the first shaking pulses SPl and 
the reset pulse RE. More preferably, the time period between the first shakmg pulses SPl and 
the reset pulse RE is fully filled with the additional shakmg pulses SP3 to miniimze the 
image retention and to increase the grey scale accuracy. Again, the advantage of the 
5 embodiments in accordance with the invention as elucidated with respect to Figs. 4 is 
maintained, whilst the degree of image retention and the dwell time effect can be further 
reduced by the additional shaking. 

Fig. 6 shows voltages across a pixel wherein further shaking pulses are present 
trailing the reset pulse if the reset pulse does not occur during the coinplete reset period. Fig. 
10 6A is identical to Fig. 5A. In Figs. 6B to 6D, which are based on Figs. 5B to 5D, respectively, 
the position of the reset pulse RE and the additional third shaking pulses SP3 is interchanged 
such that the reset pulse RE now precedes the additional shaking pulses SP3. Preferably, the 
reset pulse RE starts inmiediately after wnapletion of the first shaking p^ SPl. The 
additional shaking pulses SP3 may cover part of the period in time or the complete period in 
IS""^^ time between the first and second shakiog pulses SPl, SP2 which is not covered by the reset * 
pulse RE. The use of the additional shaking pulses SP3 improves the grey scale accuracy. 

Fig. 7 shows signals occurring during a firame period. Usually, each firame 
period TF indicated in Figs. 3 to 6 comprises a number of line periods TL which is equal to a 
number of rows of the electrophoretic display, if this display is amatrix display. In Fig. 7, 
20 one of the successive firame periods TF is shoAvn in more detail. This frame period TF starts 
at the instant tlO and lasts until instant tl4. The frame period TF comprises n line periods TL. 
The first line period TL lasts from instant tlO to tl 1, the second line period TL lasts from 
instant tl 1 to tl2, and the last line period TL lasts from instant tl3 to tl4. 

Usually, during the firame period TF, the rows are selected one by one by 
25 siqjpljdhg appropriate select pulses SEl to SEn to the rows. A row may be selected by 

supplying a pulse with a predetenxdned non-zero level, the other rows receive a zero voltage 
and thus are not selected. The data DA is supplied in parallel to all the pixels 18 of the 
selected row. The level of the data signal DA for a particular pixel 1 8 depends on the optical 
state transition of this particular pixel 18. 
30 Thus, if difEerent data signals DA may have to be supplied to different pixels 

of a selected row, the frame periods TF shown in Figs. 3 to 6 comprise the n line or select 
periods TL. However, if the first and second shaking pulses SPl and SP2 occtu- during the 
same shaking periods TSl and TS2, respectively, for aU the pixels 18 simultaneously, it is 
possible to select all the lines of pixels 18 simultaneously and it is not required to select the 
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pixels 18 linebylme|Thus^dijrmgthef^ and6 wherein 

common shaking pulses are used, it is possible to select all the pixels 18 in a shigle line 
period TL by providing the appropriate select pulse to all the rows of the display. 
Consequently, these firame periods may have a significantly shorter duration (one line period 
5 TL, or a number of line periods less than n, instead of n) than the firame periods wherein the 
pixels 18 may receive different data signals. 

By way of example, flie addressing of the display is elucidated in more detail 
with reject to Fig. 3C. At the instant tO a first frame period TF of an image update period 
lUP starts. The image update period ends at the instant 
10 The first shaking pulses SPl^' are siq>plied to all the pixels 18 during the first 

shaking period TSl which lasts firom instant tO to instant t3. During this first shaking period 
TSl, during each fiame period TF, all the lines of pixels 18 are selected sirmiltaneously 
during at least one line period TL and the same data signals are supplied to all columns of the 
display. The level of the data signal is shown in Fig. 3C- Fpr example, during the first fiame 
15 period TF lasting firom instant tO to tl, a hi^ level is supplied to afi th^ pixels. During the 
next frame period TF starting at instant tl, a low level is supplied to all the pixels. A same 
reasoning is vaUd for the coinmon second shaking period TS2. 

The duration of the reset pulse RE, RE' may be different for dif^^ 
18 because the optical teansition of different pixels 18 depends on ttie image displayed during 
20 a previous image update period lUP and the image wMch should b 

file present image update period lUP. For example, a pixel 18 of which the optical state has to 
change firom white W to dark grey Gl, a high level data signal DA has to be supplied during 
the firame period TF which starts at instant t3, while for a pixel 18 of which tiie optical state 
has to change fix>m black B to dark grey Gl, a zqro level d£^ 
25 this frame period. The first non-zero data signal DA to be sjuppUed to fliis la^ mentioned 

pixel 1 8 occurs in the fi:ame period TF which starts at the instant t4 In the fimies TF wherem 
different data signals DA may have to be supplied to diffi^nt pbcels 18, the pixels 18 have to 
be selected row by row. 

Thus, although all the fi:ame periods TF in Figs. 3 to 6 are indicated by 
30 equidistant vertical dotted lines, the actual diiration of the frame periods may be different. In 
frame periods TF in which different data signals DA have to be supplied to the pixels 18, 
usually ttie pixels 18 have to be selected row by row and thxis n line select periods TL are 
present. In frame periods TF in which the same data signals DA have to be siq)plied to all the 
pbcels 18, the firame period TF may be as short as a single line select period TL. However, it 
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is possible to select all the lines simultaneously during more than a single line select period 
TL. 

To conclude, the present invention is directed to an electrophoretic display 
wliich comprises a plurality of pixels 1 8 with an electrophoretic material 8, 9 which 
5 comprises charged particles. A first electrode 6 and second electrode 5, 5' associated with 
each one of the pixels 18 presents a drive voltage waveform VD across each one of the pixels 
18, The charged particles are able to occupy, between the first electrode 6 and the second 
electrode 5, two limit positiom and intermediate positiozis between the two 1^ 
which are defined by the drive voltage VD. 

10 An addressing circuit 16, 10 generates the drive voltage waveform VD by 

successively applying between the first electrode 6 and the second electrode 5 during an 
linage update period lUP: (i) a reset pulse RE enabling said particles to substantially occupy 
one of the extr^ne positions, and (ii) a drive pulse^ydr having a level ia accordance with an 
optical stiate to be reached by the associated one of 18. The addressing circuit 16, 

15 ; to l^rther generates a first shaking pul^e SPl cbmprisinig iat least one preset pulse having an 
energy sufficient to release particles present in one of the extreme positions, but insufficient 
to enable said particles to reach the other one of the extreme positions. The first shaking 
pulse SPl occurs during a same first shaking time period TSl during each image update 
periods lUP, independent on the optical state a pixel 18 should reach. The first shaking time 

20 period TS 1 precedes the reset pulse RE or occurs in-between the reset pulse RE and the drive 
pulseVdr. 

Thus, although the drive voltage waveform VD has to comprise different 
portions such that dififerent pixels 18 may reach different optical states, the shaking pulse or 
pulses/SFl, SP2 always occur(s) at the same position within the drive voltage waveform VD. 

25 Consequently, the level(s) of the shaking pulse(s) SPl, SP2 can be siqiplied to aU the pixels 
18 during the same frame periods TF. 

It should be noted that the above-inentioned embodiments iUiis^ 
limit the invention, and that those skilled in the art will be able to design many alternative 
embodiments without departing firom the scope of the appended claims. For example, the 

30 second shaking pulses SP2 need not be present. A higher energy efficiency or a shorter image 
update period lUP is already reached if only one set of shaking pulses SPl or SP2 is present 
and this set occurs during a same shaking period TSl or TS2. Although in the Figures is 
referred to shakmg pulses which comprise during each of the shaking periods sev0:al preset 
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pulses or levels, it is possible that the shaking pulse comprises a siagle level or preset pulse 
only. 

In the claims, any reference signs placed betwem parenthesis shall not be 
construed as Umiting the claim. The word "comprising" does not exclude the presence of 
5 other elements or steps than those listed in a claim. The invention can be implemented by 
means of hardware comprising several distinct elements, and by means of a suitably 
programmed computer. In the device claim enumerating several means, several of these 
means can be embodied by one and the same item of hardware. 
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CLAIMS: 



1. An electrophoretic display comprising: 

a plurality of pixels (1 8) having an electrophoretic material comprising 
charged particles (8, 9) being at least able to occupy, between a first electrode (6) and a 
second electrode (5, 5') of the pixels (18), one of two limit positions, aad 
5 an addressing circuit (16, 10) for generating a drive voltage waveform (VD) to 

the pixels (18) for detenxdrdng an optical state of the pixels (18) by successively ^plying 
between the first electrode (6) and the second electrode (5, 5') during each image vpdato 
period (lUP): 

(i) a reset pulse (RE) for enabling said particles to substantially occupy one of 
10 the.UmitppsitionSy and 

(ii) a drive pulse (Vdr) having an energy ia accordance with an optical state to 
be reached by the associated one of the pixels (18), 

wherein the addressing circuit (1 6, 10) is arranged for fixrther £^plying a first 
shaking pulse (SPl) during a same first shaking time period (TSl) of each image update 

15 period (lUP), flie occurrence of the fibrst shaking time period (TSl) being independent of the 
optical state to be reached by the associated one of the pixels (18), Ihe first shaking period 
(TSl) preceding the reset pulse (RE) or occurring between the reset pulse (RE) and the drive 
pulse (Vdr), the first shaking pulse (SPl) comprising at least one preset pulse having an 
energy sufficient to release particles present in one of the extreme positions but insufficient to 

20 enable said particles to reach the other one of the extreme positions, 

2. An electrophoretic display as claimed in claim 1, wherein the addressing 
circuit (16, 10) is arranged for generating the reset pulse (RE) having a duration depending 
on a difference between optical states of the associated one of the pixels (18) before and afiier 

25 the imiage update period (I(JP). 

3. An electrophoretic display as claimed in claim 1, wherein the addressing 
circuit (16,10) is arranged for applying the first shaking pulse preceding the reset pulse (RE) 
and for further generating a second shaking pulse (SP2) in-between the reset pulse (E(E) and 
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the drive pulse (V dr), wherein the second shaking pulse (SP2) occur during a same second 
shaking time period (TS2) of each image update p^od (lUP). 

4. An electrophoretic display as claimed in claim 1, wherein the addressing 

5 circuit (16, 10) is arranged for generating the reset pulse (RE) with a duration longer than 
required to have the particles occiipying one of the extreme positions. 

5. An electrophoretic display as claimed in claim 1, wherein the addressing 
circuit (16, 10) is arranged for generating the reset pulse (RE) with a duration substantially 

1 0 proportional with a distance required for the pa3rticles to move from a present position to one 
of the exfacmie positions. 

6. An electrophoretic display as claimed in claim 1, wherein, if the reset pulse 
(IlE) has a duration shortCT than a maximum duration, the addressing circm^ 

1 5 ' arranged for generating a third shaking pulse (SP3) during at least part of a third shaking - 
period (TS3) occurring in-between the first shaking pulse (SPl) and the reset pulse (RE). 

?• An electrophoretic display as claimed in claim 1, wherein, if tihe reset pulse 

(RE) has a duration shorter than a maximum duration, the addressing circuit (16, 10) is 
20 arranged for generating a third shakiag pulse (SP3) during at least part of a third 
period (TS3) occurring in-between the reset pulse (SB) and flie drive pulse (Vdr). 

8. An electrophoretic display as claimed in claim 6 or 7, wherein the addressing 
circuit (16, 10) is arranged for generatmg tiie thud shaking pulse (SP3) having a lower energy 

25 content than the finst shaking pulse (SPl). 

9. An electrophoretic display as claimed in claim 7, wherein the addressing 
circuit (16,10) is arranged for further generating a second shaking pulse (SP2) in-between the 
third shaking pulse (SP3) and the drive pulse (Vdr), wherein the second shaking pulse (SP2) 

30 occurs during a same second shaking time period (TS2). 



10. An electrophoretic display as claimed in claim 1, wherein the electrophoretic 

display is a matrix display comprising: select electrodes for selecting lines of pixels 
associated with the select electrodes, and data electrodes for supplying data signals to a 
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selected one of tibie lines of pixels, and whCTein the addressing circuit (16, 10) is arranged for 
applying to every data electrode the same first shaking ptdse (SPl) during a same first 
shaking time period (TSl) of each unage update period (TUP), different first shaking pulses 
(SP 1) being supplied to at least two different data electrodes. 

5 ■ ■ 

11, A display apparatus comprising an electrophoretic display as claimed in any 
one of the claims 1 to 9. 

12. A method of driving an electrophoretic display coinprising a pluraUty 

10 (18) having an electrophoretic material comprising charged particles (8, 9) being at least able 
to occupy, between a first electrode (6) and a second electrode (5, 5 ') of the pixels (18), one 
of two limit positions, the mefliod comprising: 

supplying (16, 10) a drive voltage wavefomj (VD) to the pixels (18) for 
determining a;i optical state df the pixels (18) by successively applying betweai the first 

1 5 electrode' (6) and the second electrode (5, 5 ') during each image iqidate period (lUP): 

(i) a reset pulse (ElE) for enabling said particles to substantially occupy oiie of 
the limit positions, and 

(ii) a drive pulse (Vdr) having an energy in accordance with an optical state to 
be reached by the associated one of the pixels (18), 

20 wherein the step of supplying (16, 10) farther appU^ afirst shakiag pulse 

(SPl) during a same first shddng time period (TSl) df each image update period (lUP), the 
occurrence of the first shaking time (TSl) period being independent of the optical state to be 
reached by the associated one of the pixels (18), the first shaking period (TSl) preceding the 
reset pulse (ElE) or occurring between the reset pulse (RE) and the drive pulse (Vdr), the first 

25 shaking pulse (SPl) comprising at least one preset pulse having an energy sufiScient to 
release particles present in one of the extreme positions but insufficient to enable said 
particles to reach the other one of Ihe extreme positions. 



eNSOOClb: <WO ^03100757A1 J_> 



wo 03/100757 



PCT/IB03/01983 




wo 03/100757 



PCT/IB03/01983 



2/6 



lUP 



G2/W 



G1/B 




G1/B 



till 
I I t 1 
• III 



FIG. 3A 



RP SP? 



FIG. 3B 




G1 



FIG. 3C 



G1/B 




SP3 



TS3I 

111! 
tilt 
lilt 
I I • I 



RE SP2' 



■ ' ' ' 



I I 
I I 
I I 
I I 
I I 
i I 



-i— r 
I 1 



I 
I 
i 
I 

I I 



TBI' 



I t 

I I 

II I 




S2 Tdr 
! i ! ! ! 

I I S 1 i I 



G1 



FIG. 3D 



aNSDCXID: <WO a31007S7AlJ_> 



wo 03/100757 



PCT/IB03/01983 



3/6 



lUP 




61 



FIG. 4A 



FIG. 4B 



RG.4G 



FIG. 4D 



TS2 TD 



BNSDCX2IO: <WO___031007S7A1J_> 



wo 03/100757 



PCT/IB03/01983 



4/6 



lUP 




FIG. 5A 



FIG. 5B 



FIG. 5C 



FIG. 5D 



S2 TD 



BNSOOCID: <WO 



_03100757A1J_> 



wo 03/100757 PCT/1B03/01983 



5/6 



lUP 




FIG. 6A 



FIG.6B 



FIG. 6C 



FIG.6D 



INSOOCID: <WO ^03100757A1J_> 



wo 03/100757 



PCT/IB03/01983 



6/6 



TF 



SE1 
SE2 

SEn 
DA 





TL i TL 



tlO 



I 

t11 




t12 



U 



! TL 



t13 



t14 



FIG. 7 



BNSDOCID: <WO P3100757A1 J_> 



INTERNATIONAL SEARCH REPORT 



IPC 7 G09G3/34 60963/36 



Int onat Applicatian No 

PCT/IB 03/01983 



Accorcfinglo international PatentOa ssmcaMonO and IPC 

B. RELDS SEARCHED 
MNmum documontalion soarchad i 

IPC 7 6096 



Docume..^.H„,s«a«:,>eooiner»t«mn,»imumdo^^ 



Etectrontoaarai^consultedduringtha international «ean:n (nam e of data tese ana Wt.e,e pnictteai, search tenns used) 

WPI Data, PAJ. EPO-Internal 



g DOCUMENTS CONSiDERED TO BE RELEVAWT 



Categoiy' 



Citation or documenl. wMi hdtoallon. where appropriate, of the retevanl passages 



5 095 377 A (KOBAYASHI YOSHIMORI ET 
AL) 10 March 1992 (1992-03-10) 
abstract 

column 2, line 41 -column 3, line 35- 

claim 1; figures 1,5,6 

column 4, line 6 ;-column 4, line 15 

US 5 835 075 A (INOUE AKIRA ET AL) 
10 November 1998 (1998-11-10) 
abstracf 

column 1, line 9 -column I, line 15 
column 11, line 6 -column 13, Tine 42- 
figures 2A,2B,3 ' 

V- 



I Px [ Furtherdocumants are feted fn ttia coniinuation of box C. 
* 3pedai categorios of cited documentG : 

'''' "^^^^S^'SSTpSS^ 

^Sn^^te'^* pubibhed on or after the international 

SHSiflf ^^S*** eslablteh the pubBcatlon data Softer 
dtalk>noratherspeaaiteason (as specified) 
I *^';jJ[^2^"*^toanoraldi^^ exhibition or 

^gl^CgJSiy^^ IWngdalebut 



FleidvanttodBimNa 



1,11,12 



1.11,12 



liT] fairtly meinl>ei3 are Ibled Ii 



T later doajnientputHishad after the International fiiina date 
ypnontyefaiteandnolincon«c*wfltolhe appfica^nSlS 
g^J|«te'Siandthepri«*teortheoiy tSideti^ttS 

^lS2J5?L*IiS^^ invention 
rannot be considered novel or cannot be considered to 
feivofvB an Aivantive step when the dQcument s lafcen alone 
•V document of partfcwiar relevance; the invention 

cannot be consldersd to Invoh/e an Inventive slep when the 
documentbOTinbnedwIthonoorfnoreother ^ch^ow 
fcuh^kS* •»*'a obviousiD a person sMned 



Date of the actual oompieiton of the Interhauonai search 

4 September 2003 

I Name and mailing address of the ISA 

S,'^*'S2r2S!!iP**°®- P sate Patent laan 2 
NL - 2280 HV Ftqswijk 
Tel (^1-70) 340^2040, Tx. 31 €51 epo nl, 
Fax: (+31-70) 340-3016 ' 



Fomi PCrnSA/210(saoandshemt} (July 1862) 



' documenl member of the eama patent famil/ 



Date of mailing of the intamafionai search lepott 

19/09/2003 
Authorized officer 

Wolff, L 



page 1 of 2 



SDOCIO: <WO__03100757A1,L» 



INTERNATIONAL SEARCH REPORT 



(mj^" :ionai AppUcation No 

PCT/IB 03/01983 



C.<CoffUjnuat{on) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ** Citation of document, with lncllca«on,where appropriata, of the letevant passages 



Relevant to dairn No. 



US 6 504 524 Bl (ALBERT JONATHAN D ET AL) 

7 January 2003 (2003-01-07) 

abstract 

column 12, line 44 -column 13, line 53; 
figures 2A-2E 

column 13, line 54 -column 14, line 25; 
figures 2F-2S 

column 15, line 40 -column 16^ line 37; 
figures 3D-3F 

column 18, line 46 -column 19, line 52; 
figures 5-8 



1,11,12 



Fdim KHinSMZIO (oontmu^lon of aecond aheol) (duly I99a) 



page 2 of 2 



BNSDOCID: <WO fl3100757A1_l_> 



INTERNATIONAL SEARCH REPORT 



Int- ^ ilonal Application No 







PCT/IB 03/01983 


j Patent document 
1 cited in search report 


Publication 
date 


Patent family 
m6mber<s) 


r 


Publication 
date 


1 US 5095377 A 


10-03-1992 


NONE 







us 5835075 



10-11-1998 



7175041 A 

US 6236385 Bl 

DE 69424330 Dl 

DE 69424330 T2 

DE 69428465 Dl 

DE 69428465 T2 

EP 0613116 A2 

EP 0866441 Al 

HK 1014288 Al 

JP 2001228461 A 

JP 2001228462 A 

OP 2001235726 A 

KR 238903 Bl 

SG 72608 Al 

US 5684503 A 



US 6504524 



Bl 07-01-2003 



US 2003137521 Al 
US 6531997 Bl 



Fbim PCT/I$3A/210 (pettentlaml^ aviax) (Ju^ I8se] 



14- 07-1995 

22- 05^2001 

15- 06-2000 
09-11-2000 
31-10-2001 
25-04-2002 
31-08-1994 

23- 09-1998 
29-12-2000 

24- 08-2001 
24-08-2001 
31-08-2001 
15-01-2000 
23-05-2000 
04-11-1997 



24-07-2003 
11-03-2003 



SOOCID: <WO__031007S7A1J_> 



